Introduction
The structure of a-pyrophthalone (a-PPH; l,3-indandionato-2(2-pyridinium)-betain) is a matter of controversy since the first synthesis of the compound [1] [2] [3] [4] , The tautomeric and mesomeric structures shown in Scheme 1 have been used to explain the numerous analytical data from UV [5] [6] [7] [8] [9] , IR [7, 9, 10] , EPR [9, 11] , X-ray [12] and NMR spectroscopy [10, 12, 13] . The same problem exists for the dye-stuff quinophthalone (QPH) [14, 15] , which is included for comparison. Although charge separation and protonation of the nitrogen has been mentioned sometimes [3, 5, 6, 11, 12, 14, 15] , many papers stated a planar structure and inferred its stabilization by hydrogen bonding between O and N.
Our contribution demonstrates that their description as rigid planar molecules is incorrect for polar solvents. In fact, the system is very sensitive to the nature of the solvent [9] , This is proven by analysing the *H and 13 C NMR spectra of a-PPH (I), a-QPH (II) and N-methyl-a-PPH (III) in different solvents (Scheme 2). D [5, 6] H 112 Scheme 1.
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Materials and Methods
The synthesis of the compounds I-III was performed according to the literature [2, 3] . The NMR spectra are recorded on a Bruker AM-360 spectrometer (8.45 T) at room temperature. Chemical shifts are referred to the solvent signals (chloroform = 7.25/77.0 ppm; DMSO = 2.6/43.5 ppm).
] H NMR spectra are recorded with 32 k data points and zerofilling prior to Fourier transformation. The H,H-COSY spectra (COSY-45) [16] are performed using standard Bruker software, typically with 128 increments in tj and 512 W data points in t 2 . In ti zerofilling to 256 W data points was performed. The spectral width was carefully adjusted to the region of interest, avoiding solvent signal overlap (DMSO). The 90°-pulse width was adjusted on the actual sample using the fast procedure described elsewhere [17] . All proton NMR data result from calculated spectra, iterated convergently to the experimental data with the manufacturer's program [18] . Carbon multiplicities are determined via APT spectroscopy [19] optimized for/ C H = 160 Hz and the assignments are based on H,C-COSY experiments [16] .
Results and Discussion
The *H/ 13 C NMR data of I -III in DMSO and CDCI3 are summarized in Tables I and II. A representative spectrum is shown in Fig. 1 . The 'H NMR assignments are based on chemical shifts (H5 = signal at highest field), coupling constants (J 56 = 4-6 Hz; J M = -8 Hz), H,H-COSY spectra [16] and iterative spin simulations [18] . In PPH the coupling of the acid proton, which resonates at -14 ppm, to H6 (7 ~6.5 Hz) and H3, respectively, gives a clear indication that protonation takes place at the nitrogen and yields an undoubtful entrance to the pyridine proton system. In QPH, the 4 7(NH -H3) coupling constant allows the differentiation in the AB-system H3-H4, where the latter also has a long range coupling to H 8 of the annellated benzene ring, which can be analyzed completely with this information. Thus, complete 13 C assignments are available via H,C-COSY experiments [16] . The dipolar structure of the molecule, resulting from the protonation of the nitrogen, is confirmed by the chemical shift of the negatively polarized C2' at -100 ppm [20] ,
The most remarkable result is observed in the aromatic part of the spectra in DMSO (or other polar solvents like CD 3 OD, HMPA, Acetone etc.). They yield a symmetrical AA'BB'-pattern ( Fig. 1) or three carbon signals, respectively (Table II) , which is not consistent with a rigid planar structure of the molecule. However, in CDC1 3 (and CD 2 C1 2 ) solutions the expected unsymmetrical proton pattern was obtained as well as the corresponding number of 13 C signals (Table II) . The splitting in the 13 C NMR spectrum is exactly observed on those lines which are attributed to the aromatic part of the DMSO spectrum and the Ad values are dependent on the distance from C2', which even allows the aromatic proton assignment via H,C-COSY. Exactly the same behaviour is observed for QPH. This is the first direct evidence for the planarity of these compounds in sol- Table I . 'H NMR chemical shifts (ppm) and coupling constants (Hz) for I -III in CDCl 3 /DMSO (0 = phenyl; the d-data for H4'-H7' in II (CDC1 3 ) are taken from the H,C-COSY correlation, while the couplings are only estimated; because of strong signal overlap, a successful simulation was impossible). 139.51 NMe ution, since in earlier publications the aromatic part was not analyzed because of its complexity in low field NMR spectra and the 13 C data were not available. As the chemical shift differences of H47H7' and H57H6', respectively, are rather small, the lower symmetry of the system is best demonstrated in a H,C-COSY spectrum (Fig. 2) .
In contrast, methylation of the nitrogen yields symmetrical spectra for III independent of the solvent.
The different types of spectra obtained show that the average molecular symmetry changes when going from low polar solvents to polar ones, or when a bulky substituent with a large steric hindrance is introduced. It seems reasonable, that the chemical shift of H3 can serve as an indicator for the stereochemical behaviour of the molecule because it is either near the oxygen or above/below the negatively polarized C2'. Starting with III, we assume from steric reasons a perpendicular conformation of the pyridinium ring, and thus the chemical shift of H3 at <8.4 ppm reflects this situation independent of the solvent. In the halogenated hydrocarbon solvents, removal of the methyl-group shifts the proton to >8.4 ppm (Fig. 3) .
Following from the dissymmetry in the spectrum we must assume a planar or nearly planar conformation so that this chemical shift indicates the alternative situation.
The location of H3 near the oxygen is expressed by a relatively small Ad value. This may have its reason in molecular deformations already found by X-ray analysis [12] , which all tend to separate H3 from the neighboured oxygen atom.
Back to DMSO as representative of polar solvents, the symmetry of the spectra indicates "perpendicularity", while the chemical shift of H3 (>8.4 ppm) indicates planarity. Thus, the only explanation for this phenomenon is a rapid exchange with respect to the NMR time scale:
This yields the symmetrical spectra, but the chemical shift of H3 is still the same as in the planar situation due to the exchange between the two equivalent positions, so that no "mid-weighted" chemical shift can be observed. Any attempt to freeze a planar conformation in a polar solvent (acetone, -80 °C) failed leading to the assumption that the barrier for this process is very low.
It may be of interest that the same behaviour has been overlooked in the interpretation of the 13 C NMR data of 2-propionyl-l,3-indandione [21] .
Conclusion
Highfield 1 H/ 13 C NMR spectroscopy demonstrates that a-PPH, a-QPH and similar compounds exhibit spectra of reduced symmetry in low polar solvents in accordance with a planar conformation. The proton is situated at the nitrogen, which has been also derived recently from 15 N NMR results [22] , and the dipolar resonance form is dominating in the ground state.
In contrast, the N-methyl compounds adopt a perpendicular conformation and enable us to use 6(H3) as an indicator for this situation. The analysis of the DMSO spectra, representative of polar solvents, indicates a rapid equilibrium between two equivalent planar arrangements. In polar solvents where they are best soluble, the conformation of these compounds is therefore not additionally stabilized by intramolecular hydrogen bonding. By other physical methods mentioned above this solvent dependence has not been worked out.
The question whether the planarity of these molecules is due to weak conjugation effects or weak intramolecular hydrogen bonding is still open. The structural information given in this paper, however, has been derived without any use of the concept of hydrogen bonding.
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